Abstract. This paper focuses on the tectonic activity in the area of the Serbian part of the Pannonian Basin (SPPB) and its far southern rim from the end of the Pliocene up to the recent time. The corresponding seismic implications are also discussed. It is shown that the major part of the Pannonian Basin in the territory of Serbia has been subsiding during the Quaternary, while its rim is uplifting. This is an identical situation to that in the whole Pannonian Basin, being a consequence of the deflection of the rheologically weakened Pannonian lithosphere within a compressive region (Horváth and Cloetingh, 1996) . Such a pattern has resulted in the generation of low seismicity in the SPPB. In the bordering zone of the SPPB and uplifted morphostructures of the Dinarides and the Carpathians, in the area of flexural transition from a thick crust towards a thinned one, i.e. from a rigid towards a weakened lithosphere, a great number of faults have been activated during the Quaternary. This is marked by the moderate seismic activity of these faults. Strike-slips prevail, but reverse, and rarely gravitational faulting is also present. Finally, the geodynamics of Quaternary deformations is presented. It has been determined that a model of Quaternary tectonic activity in the SPPB and its southern margin depended on: (1) compressive stress, induced in the border zone of the Adriatic plate and Dinaridic orogene, (2) crust thickness and rheological features of the lithosphere as a whole and (3) extension in the Aegean domain.
Introduction
The southernmost (south-eastern) part of the Pannonian Basin in the territory of Serbia is marked by a relatively spacious margin of basinal structures, which are genetically related to the Pannonian Basin. On the whole, we are talking about the basinal and peri-basinal area which is of a specific
Correspondence to: M. Marović (nacy@eunet.yu) ("ν"-shaped) appearance in plan, and which has penetrated far to the south, along the Morava river, between the Dinaridic and Carpatho-Balkanidic morphostructures (Fig. 1) . The Pannonian and particularly Peri-Pannonian regions form a relatively narrow domain located within distinctly compressive surroundings. Such a position has enabled the formation, by the Neogene-Quaternary movements, of an interesting structural content, in many ways different from the rest of the Pannonian Basin Djoković, 1989, 1990; Marović et al., 1994 Marović et al., , 1996 Marović et al., , 1998b .
According to Gutdeutsch and Aric (1988) and Procház-kova and Roth (1993) , the Pannonian Basin is characterised by weak-to-moderate seismicity, which could not be said about its western and southern rim. The same applies for the area of the Pannonian Basin and its southern rim in the territory of Serbia. The area of the Pannonian Basin in Serbia is characterised by weak seismicity with an irregular distribution of epicentres, which makes it hard to distinguish seismically active faults (the assertion of Horváth, 1984, re- ferring to the whole of the Pannonian Basin). On the other hand, the southern margin of the Pannonian Basin is the most active area of Serbia in the seismic sense, although it is relatively far from the collisional Adriatic-Dinaridic zone which is the major source of the recent compressive stress in these regions. However, the seismicity is of moderate intensity.
Since the seismicity is the consequence of recent tectonic processes, it is particularly important to determine: when such a tectonic regime was established, what its structural content is, and what is the character of stress as responsible for the seismicity. Recently, Horváth and Cloetingh (1996) have shown that major changes in the tectonic regime in the area of the Pannonian Basin and its inner rim occurred at the end of the Pliocene and the beginning of the Quaternary. In other words, the magnitude of intraplate stress increased, which effected the kinematics of the Pannonian basinal and peri-basinal structures. According to them, such a regime continued all the way up to the Holocene and is responsible for the contemporary tectonic movements, and thus for the seismicity. This paper describes the Pliocene-Quaternary and Quaternary tectonic activity of the southern part of the Pannonian basin and its rim in the territory of Serbia, as well as its seismic implications.
2 Pre-quaternary tectonic fabric: a short review
Geotectonic setting
The Pannonian basinal region and its southern margin in Serbia are located in areas of rather complicated Alpine tectonic fabric. These terrains were, during the Mesozoic, the Palaeogene and the lower part of the Early Miocene, mostly exposed to the major compression of the formational contents. During such a process, three large geotectonic units were formed: Dinarides, Carpatho-Balkanides and SerbianMacedonian Massif (Fig. 1, insert (B) ). These units comprise a large number of smaller subunits of different orders, nappes, overthrusts, faults and folding structures: with western and south-western vergences in the Dinarides and eastern vergences in the Carpatho-Balkanides. Such plicative and nappe-and-overthrust fabric is the result of multi-phased Mesozoic-Palaeogene tectonic shortening, occurring during the convergence of several oceanic and continental entities in the Tethyan realm between the African and European plates. By the end of the Late Cretaceous and the beginning of the Palaeogene, all subduction-collisional processes in these terrains were over (Grubić, 1980; Karamata and Krstić, 1996) . During the Latest Palaeogene and ending during the lower part of the Early Miocene, the extrusion and incorporation of the Tisza lithospheric entity into the area of the future Pannonian Basin occurred. This event also caused a great deal of bending of the South-Carpathian structural units and the divergence of the structures in the northernmost parts of the Vardar zone (toward West and East) (Ratchbacher et al., 1993; Linzer et al., 1998; . Such a preexisting pattern in the territory of Serbia largely influenced the geometry of the Neogene structures of the Pannonian Basin and its rim.
At the beginning of the Early Miocene, the basic fault pattern was also defined. The major position was held by longitudinal faults striking from NW-SE to NNW-SSE and NNE-SSW (in the Dinarides) and NNW-SSE to N-S (NNE-SSW) in the Carpatho-Balkanides. The other two clearly distinguished fault systems have a transverse and a diagonal character in relation to the strike of the regional tectonic units and plicative structures. Those faults strike NE-SW, N-S and E-W (in the Dinarides) and NE-SW, NW-SE and WSW-ENE (in a part of the Vardar Zone and in the CarpathoBalkanides). In that way, major tectonic units obtained a blocky structure, which was of great importance later on in defining the geometry of the Neogene structures of the Pannonian Basin and its southern rim.
2.2 Pre-quaternary basinal and peri-basinal fabric: genesis and evolution
There is general agreement among almost all modern scientists that lithospheric extension played an important role in the formation of the Pannonian Basin, and that this basin comprises the areas with a thin continental crust and a high lithospheric heat flow (Stegena et al., 1975; Sclater et al., 1980; Horváth and Royden, 1981; Royden et al., 1982 Royden et al., , 1983 Horváth and Rumpler, 1984; Royden, 1988; Bergerat, 1988; Horváth, 1990 , Csontos et al., 1991 , 1992 Tari et al., 1992; Horváth, 1993; Csontos, 1995; etc.) . In other words, it is defined as a back-arc basin which originated during the process of subduction and collision of the European lithosphere below continental fragments of the Inner Carpathians. The individualised basins and the troughs within the Pannonian Basin are connected to the local crustal extensions, i.e. to the transtensional activity of the faults striking NE-SW and WNW-ESE, as well as to tensional processes and normal faulting. The majority of authors are also of the opinion that the subsidence within the Pannonian Basin went through two phases. During the first phase, starting from the Ottnanghian and continuing through the Karpatian and the Badenian (rift phase), subsidence was mostly the result of the crustal (and lithospheric) extension and occurred within the strictly faultdefined areas. The second phase that started in the upper part of the Middle Miocene and continued into the Pliocene (postrift phase) is characterised by slower subsidence induced by the lowering of the thermal anomalies (Horváth and Royden, 1981) . The SPPB and its direct southern rim originated from and developed according to a similar scenario. We should keep in mind that in these regions, especially in the marginal parts of the basin, extensional processes and thermal activity were less distinguished and increasingly weaker and weaker southwards. The beginning of extension in the SPPB and its southern rim is also connected to the Ottnanghian and the Karpatian (Marović et al., 1998b) . Numerous basins, filled with freshwater deposits, mostly clastic, with a thickness of more than 1500 m in places, were formed in this area at that time. The geometry of the basinal structures is controlled by the preexisting fault pattern, the major role in subsidence belonging to the transverse and diagonal faults (in relation to the strike of the regional structures), and the subordinate role to the longitudinal ones.
The paroxysm of the extensional processes that was distinguished during the Badenian in the Pannonian Basin had an effect on its southern part and its rim on the territory of Serbia. It was marked by the further subsidence of the SPPB and its southern rim. Due to such activity, a marine ingression took place towards the region south of the Sava and, in particular, south of the Danube. However, some of the Ottnanghian-Karpatian basins within the southern surroundings of the Pannonian Basin in the territory of Serbia, did not experience subsidence during the Badenian. Those basins were inverted even before the Badenian and since that time, continuing into the Recent, they have been subjected 
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5. to uplifting and have been gradually included in the uplifted morphostructural rows of the Dinarides and the CarpathoBalkanides. The inversion is indicated by the lack of deposits younger than the Karpatian in these terrains (Marović et al., 1998b) . The inversion is connected to the domination of the distinctly compressive regime (between the Adriatic and Moesian plates) over the extensional processes within these areas.
However, the basinal regions in the SPPB which had not been inverted, were subjected to post-rift subsidence (thermal stadium, Horváth, 1993) during the late Middle Miocene and the Late Miocene (and Miocene-Pliocene), as was the whole basin. During that time, the Pannonian Basin was exposed to slow but more general subsidence than in the Badenian. This is indicated by the transgressive position of the Sarmatian, Pannonian and even Pontian deposits over the Pre-Badenian ones . On the other side, we have, on the southern margin of the Pannonian Basin (the Neogene Velika Morava Trough), the successive inversion of basinal regions, going from the South to the North, to- ward the interior parts of the Pannonian Basin , from the end of the Badenian into the Pliocene and Quaternary. Distribution of the Neogene deposits and regression tendency in the South -North direction, point to such an activity. The already inverted basins in the broader surroundings of the Pannonian Basin that had been filled mostly with clastics -the freshwater equivalents of the OttnanghianKarpatian age, were exposed to moderate-to-strong uplifting from the Sarmatian all the way into the recent.
The final result of such tectonic activity was the basic Neogene structural pattern (Fig. 2) , as well as the relative thinning of the crust within the SPPB and its thickening in the Dinarides and Carpatho-Balkanides (Fig. 3) . Such a pattern (the Neogene fault pattern, the configuration and rheologic characteristics of the crust and the lithosphere as a whole) is going to be one of the major controllers of the tectonic activity during the Plio-Quaternary and Quaternary. Glavatović 1989 , Starčević 1995 , and Starčević and Djordjević 1997 . Thickness is given in km.
Sources for the information, data quality level and methodology
To determine the Quaternary tectonic activity in the SPPB and its southern rim, various data, relevant for understanding this issue, were used. The sources for the information were, for the most part, geological, geomorphological, geophysical and other data of different quality and varying levels of reliability. Some of them, especially the seismic data is rather old and should be regarded with certain caution. Unfortunately, numerous data on the structure of the Pannonian Basin in the territory of Serbia was not accessible to the authors due to the policy of the institution which holds it. It should also be emphasised that many contemporary research methods that would improve the knowledge of the lithosphere structure or the reconstruction of the latest stress (in situ stress measurement, borehole break-out studies), have not been used at all in the territory of Serbia. These reasons have forced the au-thors to refer to the data from and results of research conducted in the Pannonian basin outside the territory of Serbia: either as direct guidelines, or as basic solutions for some of the problems which apply to the SPPB and its southern rim. All of this has limited the possibilities of this paper, which can be regarded as a regional review, proposing a model that has yet to be worked out in more detail. The Quaternary tectonic activity has mostly been registered on the basis of the Quaternary deposits characteristics (thickness in the first place) and seismicity. Geodetic data has also been taken into consideration. For the reconstruction of the recent stress field and tectonic regime, the following data were also used and consulted: Bergerat et al., 1984; Horváth, 1984; Anderson and Jackson, 1987; Philip, 1987; Gutdeutsch and Aric, 1988; Müller et al, 1992; Rebaï et al., 1992; Zoback, 1992; Becker, 1993; Gerner et al., 1995; Peresson and Decker, 1996; Bada et al., 1998; Bada, 1999; Gerner et al., 1999. 
MOHO depth
The Quaternary tectonic activity of the SPPB and its southern rim has taken place in the area of blocky structure where the continental crust is of unequal thickness. Such a preexisting pattern had a great influence on the Quaternary deformations.
The data on the crust thickness ( Fig. 3 ) are derived from three sources. For the major part of the Peri-Pannonian region, i.e. the area south from the Sava and Danube rivers, the data presented by Glavatović (1989) is used. The MOHO position was determined by the inversion of the regional Bouguer anomaly component using the QR-algorithm and spline-interpolation (Glavatović, 1988) . For the SPPB and the western part of the southern Carpathians in Serbia, where crust thickness data was not obtained by such calculations, the data by Starčević (1995) and Starčević and Djordjević (1997) obtained on the basis of the empirical relations between the regional Bouguer anomaly values and the crust thickness using the method by Demenitskaya (1967) was used. The crust thickness map ( Fig. 3 ) was produced by a compilation of this data, with certain minor simplifications that, considering the scale, have not significantly influenced the final result. The data on the general properties of the lithosphere (thickness, rheology and heath flow) presented in the papers by Praus et al., (1999 ), Horváth, (1993 and Horváth and Cloetingh, (1996) was also used.
The Neogene structural pattern
The blocky structure of the SPPB and its southern rim, formed during the Miocene and Pliocene rift and post-rift subsidential stadium, is shown on the basis of the data by Marović et al., (1998b) and additional research (Fig. 2 ).
Thicknesses of the Plio-Quaternary deposits
Owing to the fact that the SPPB is covered with numerous boreholes that were drilled during oil research and exploitation as well as for some other purposes (hydrogeology, producing the Basic Geological Map of the SFRY, 1:100 000, etc.), the Quaternary deposits in this area have been very well studied. According to the data from the boreholes, certain lithotypes and their thicknesses were identified. Preloess polycyclic fluviolacustrine (and marshy) and deluvialproluvial deposits whose thickness is presented in Fig. 4 were of particular importance for the determination of Quaternary vertical tectonic mobility. The quality of the obtained data is of a relatively high level, especially for the region of north Bačka and eastern Banat where most of the boreholes are located. The data quality is worse for the rest of the SPPB, particularly for its southern margin.
Recent vertical tectonic activity
Recent vertical tectonic activity was confirmed by geodetic leveling surveys, so the results shown on the Map of the Recent Vertical Displacements of Earth's Crust in Yugoslavia 1: 2 500 000 (Federal Geodesy Survey, 1972) were almost completely accepted. As the map (Fig. 5 ) represents a construction based on a relatively small amount of rather old data it should be treated with certain caution. The fact that the map is the result of considerable generalization and extrapolation it has a review character and it can be used only for regional review purposes.
Seismic data
The realisation that a tectonic regime reigning today in the Pannonian Basin and its wider rim was established at the end of the Pliocene and the beginning of the Quaternary (Horváth and Cloetingh, 1996) helped to determine the morphology and kinematics of the faults active during the Quaternary, on the basis of seismicity. For that purpose, the location and spatial distribution of epicentres, the depths of focuses, released energy and focal mechanisms of faulting, were analysed. Besides this, other information was taken into consideration: geological, geomorphological and that acquired by remote sensing.
Seismicity, as the most relevant parameter for the detection of contemporary fault activity in the Pannonian and PeriPannonian region in Serbia, is the source of data of various levels of reliability (Fig. 6.) . Very unreliable are data related to events before 1900 (stronger earthquakes: Fruška Gora, Veliko Gradište, Svilajnac, Peć and Prizren were estimated I = 9). During the period 1900-1970, the macroseismic location of epicentres was performed (stronger earthquakes: Rudnik, Lazarevac, Juhor, Krupanj, Svetozarevo, Vranje, Vitina were determined as I = 8-9). From 1970 until the present, instrumental recording and evaluation of earthquake magnitude has been performed. During this period, only three moderate-magnitude earthquakes with M = 5.2-5.6 (Kopaonik, Mionica and Trstenik) have occurred (Table 1). There is a justified suspicion that earthquakes registered before 1970 were also not much stronger; in any case they were equal to or less than M = 6. Most focuses were in the range of 5 to 10 km deep, rarely deeper (15-20 km), and therefore all in the upper crust (depths have been distinguished instrumentally for newer events, at the local stations with short distances).
The kinematics of contemporary faulting was established on the basis of earthquake focal mechanisms (Fig. 7) . The mechanism parameters (Table 1) were determined using the data on the polarity of P-wave first arrivals by applying the double-couple model. The wave emergence angles were calculated on the basis of the seismic velocity model constructed for the Serbian area (Radovanović, 1995) . The plot of the fault plane solutions and stress axes of earthquakes is done by the RAKE computer program (Louvari and Kiratzi, 1997) . Unfortunately, a relatively small number of earthquakes were analysed, not often being representative and mostly coming from the central part of Serbia.
The kinematics of other seismically active faults was established by analogy with the faults with the same geometric characteristics for which the focal mechanism solutions Gerner et al. (1999) and Bada (1999) .
Deposit character and vertical tectonic mobility
During the Quaternary, a relatively thick succession of genetically different types of deposits has been deposited in the area, and significantly less on its rim. Pre-loess polycyclic fluviolacustrine (and marshy) and deluvial-proluvial deposits (Fig. 4) are widespread, have great thickness and are of particular importance. The pre-loess polycyclic fluviolacustrine deposits, in some places over 200 m thick, show intense subsidence over a wide region of the SPPB during the Pleistocene. The subsidence was, however, less intense compared to that expressed in the central parts of the Pannonian Basin -in the region of the Great Hungarian Plane, where subsidence was much more intense, according to the thickness (more than 700 m) of the Quaternary sediments (R onai, 1974) . Deluvial-proluvial sediments ("Srem series", "Kličevac series", etc.) were formed on the slopes of Fruška Gora and on the rim of the Pannonian Basin, especially on its eastern part, toward the Carpathians (Rakić, 1977) . The relation between the fluviolacustrine (and marshy) and the deluvial-proluvial deposits still remains unclear. In particular, it is not clear whether these are synchronous deposits or whether the deluvial-proluvial deposits are younger. In any case, the fluviolacustrine (and marshy) deposits point to subsidence, and the deluvial-proluvial deposits point to transitional regions toward uplifted areas. The Plio-Pleistocene subsidence and the deposition of fluviolacustrine (and marshy) deposits spread also over some of the basinal areas of the southern rim of the Pannonian Basin that were inverted even at the end of the Pontian; for example, the northern part of the Velika Morava Trough, where the major part of the contemporary course of the Velika Morava is located (Fig. 8) . This fact shows the intensifying of subsidence within the SPPB and its innermost rim during the Pleistocene. However, the major part of the area, composed of these deposits on the rim of the SPPB was inverted at the end of the Lower Pleistocene and transformed into the uppermost Quaternary terrace.
In the upper part of the Pleistocene, large areas of the SPPB and its inner southern rim were covered with loess and loessoïde deposits.
In the Holocene, vertical tectonic activity occurred according to an almost identical scenario as in the Pleistocene. Areas of subsidence are marked by fluvial, marshy and swampy deposits. Mainly deluvial, rarely deluvial-proluvial deposits, were formed on the transitional areas towards uplifted structures.
The regions outside of the SPPB, i.e. its distant southern margin, especially axial parts of the Dinarides and CarpathoBalkanides, have been exposed to uplifting during the Quaternary. Such activity has been followed by strong erosion and deposition of various continental deposits, genetically related to such a tectonic regime.
Such a picture of distribution of uplifted and subsided areas, detected on the basis of the stratigraphical-facial characteristics of the Quaternary deposits, is largely confirmed by traditional geodetic leveling surveys (Fig. 5) . It is evident that the SPPB has been mostly subsiding in the recent time at a rate of 0-2 mm/yr. This cannot be said for the hilly Fruška Gora region and the basin rim, especially the eastern part toward the Carpathians. These regions have recently been uplifting at a velocity of 0-1 mm/yr. In the wider rim of the SPPB, in the area of the Dinarides and the CarpathoBalkanides, the uplifting rate has increased up to 2-4 mm/yr. 
Kopaonik, (10) Vranje, (11) Vitina, (12) Golubac. Fruška Gora and Pec events are excluded because of the unreliability of data.
Fault fabric and seismicity

Seismicity
The seismicity, as the best indicator of the contemporary fault activity and Quaternary fault activity as a whole, has been unequal in the SPPB and its southern rim. It has been basically weak to moderate, and it marks the activity of faults with different kinematic features. The SPPB shows low seismicity (Fig. 6 ). These are regions where magnitudes do not exceed M = 4.5. The exceptions, with a possible generation of earthquakes up to M = 4.5-5, are Fruška Gora (i.e. the event from 1739-1741 which should be accepted with a certain reserve) and the region of eastern Banat, which belongs to the Timisoara epicentral zone. The distribution of earthquakes, except for Fruška Gora and eastern Banat, shows low linearity so it is quite difficult to locate seismically active faults. The epicentres of weak earthquakes are mostly scattered. The inner southern margin of the SPPB belongs to the seismically most active regions in Serbia. It is a wide epicentre concentration zone, approximately "ν"-shaped, covering western and central parts of Serbia and surrounding the Pannonian Basin from the South (Fig. 6, insert) . Earthquakes with maximum magnitude M = 5.5-6 can be expected in this region. Actually, this is the area where several strong earthquakes of I = 8-9, and recent events with M = 5.2-5.5 occurred. It is interesting to note that these strongest earthquakes have occurred only once, without repetition in the same locality (according to the data provided for the last 100 years). New earthquakes occurred at places where there was no stronger seismic activity before. It shows that the whole zone is a generator of seismicity, where not only the preexisting significantly seismoactive faults are activated, but also fault structures that did not have significant seismic activity before. The distant margin of the SPPB is of unequal seismic activity. In the region of SW Serbia, in the area of Kopaonik Mt., maximum magnitudes of M = 5.5-6 can also be expected (Fig. 6, insert) . Going north-westwards away from Kopaonik, seismic activity decreases down to M<4.5. On the other hand, the major part of eastern Serbia (the region of the Carpatho-Balkanides) and northern part of SE Serbia have low seismic activity. Mostly irregularly distributed and rare epicentres prevent a clear marking of seismically active faults.
Kinematics of the contemporary faulting
As far as the kinematics of the contemporary faulting is concerned, it is evident that strike-slips prevail, but normal and reverse faulting is also present. Thus, we can say that within the inner southern margin of the SPPB, a compressive regime of the strike-slip type prevails, with a horizontal axis of maximum compressive stress oriented SW-NE and with a tendency to bend eastward (Fig. 7) . This mostly fits into a general plan of the maximum horizontal stress direction, given for the PANCARDI region by Gerner et al. (1999), and Bada (1999) . Within the distant southern margin of the SPPB, tension prevails (a consequence of the Aegean collapse) where the horizontal projection of maximum tensile stress axis is oriented NNW-SSE (Papazachos and Kiratzi, 1996) . The boundary between these two stress fields has not been well determined.
By uniting all the relevant facts (seismological, geological and others), the geometry and kinematics of presently active faults have been reconstructed (Fig. 9) . It shows that these were mostly faults that were formed before the Quaternary (compare Figs. 2 and 9 ), in numerous cases even before the Neogene, but their kinematic features were changed or restored according to stress changes.
In the SPPB and its southern rim presently active faults have been reconstructed. Faults striking NNE-SSW with expected right strike-slips, are marked with the epicentres in the eastern part of the basin. On the nearest part of the southern margin of the SPPB, currently active faults can be divided into several systems according to their strike. Systems of faults striking ESE-WNW and NE-SW are predominant. Left strike-slips develop along the faults that belong to the first system, and right strike-slips develop along the faults belonging to the second. All stronger earthquakes in this area have mostly occurred within the segments of the first system. Reverse movements develop along the faults striking NNW-SSE (with bending in plan towards NNE-SSW) in the eastern part of this zone, and NW-SE in the western part. Such reverse activity is particularly expressed in the first fault system, but with a gradual transition to right strike-slips going northwards.
Going south-westwards from the nearest part of the margin of the SPPB, faults striking NE-SW, E-W and NW-SE show contemporary tectonic activity. The first two systems comprise a conjugated set with right (NE-SW) and left (E-W) strike-slips, whereas right strike-slips are dominant and many earthquakes, the Kopaonik earthquake with M = 5.6 among others, are related to them . Considering the orientation of the maximum horizontal stress, we can expect some of the old SW-vergent reverse fault systems striking NW-SE in this area to be reactivated with the same kinematic features, but with lower intensity of movement, in the recent time.
Normal fracturing is characteristic of the southernmost part of the Peri-Pannonian region in Serbia (south from the Scutari-Peć transverse, Fig. 7, event 18 ). That area might represent the northern boundary of the Aegean extensional 
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4. spreading influence, which could explain such kinematic characteristics of a small number of faults.
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Discussion
6.1 Short review of the Neogene-Quaternary tectonic evolution of the SPPB and its rim
The Pannonian Basin, and so its Serbian part and southern margin, is a region in which extensional-synrift (the Ottnanghian-Karpatian-Badenian) and thermal-post-rift (the Sarmatian-Pliocene) subsidence became clear during the Neogene (Horváth, 1993) . Such activity is a consequence of the tectonic escape of large crustal blocks from the Alpine collision zone, the subduction of the European lithosphere below those fragments, the rollback of the subducted slab and the collapse of an overthickened orogenic wedge behind the subduction front (Royden, 1988; Ratschbacher et al., 1991a, b; Horváth, 1993) . The SPPB and its southern margin, elongated approximately to NNW-SSE, are located in a distinctly compressive region in between the Adriatic and Moesian plates. In such an environment, a subsidential activity caused by extensional and thermal processes that led to thinning and the rheologic weakening of the lithosphere, developed during the Neogene. These processes were less distinguished on the southern periphery of the Serbian part of the Pannonian region. Due to its specific position (the basinal structural content being penetrating as a wedge far between the Dinaridic and CarpathoBalkanidic morphostructures), the region of the southern rim of the SPPB was already subjected to inversion from the beginning of the Badenian. The inversion was in a successive progress going from South to North, and it continued up into the Quaternary.
At the end of the Pliocene and the beginning of the Quaternary, a change in the tectonic regime occurred in the region of the Pannonian Basin (Horváth and Cloetingh, 1996) . According to these authors, due to the ending of rollback and the progressive detachment of the subducted slab along the Carpathian Arch, the Intra-Carpathian basinal system was exposed to a strong compressive regime. It consequently led to generation of new tectonic relations within the Pannonian Basin domain, characterised by the increased subsidence of interior parts and the uplifting of the basin rim (Table 2) . Such deformations were explained by a stress-induced deflection and folding of the weakened and less rigid Pannonian lithosphere into large-scale folds with wavelengths of around 400 km. Such a model of geodynamic activity can also be recognised in the SPPB (the subsidence of inner parts including also peripheral "sinus" in the northern region of the Velika Morava Trough, and the uplifting of the rim, Figs. 5 and 9).
Sources of stress and stress regimes
In the Pannonian Basin, as well as in the majority of its southern rim, a compressive regime of a strike-slip type prevails (Gerner et al., 1995; Bada, 1999) . One of the major sources of the compressive stress in this region (and thus in the SPPB and its southern rim) is the counterclockwise rotation of the Adriatic plate (Anderson and Jackson, 1987; Gerner et al., 1999; Bada et al., 1998; Bada, 1999) . Due to such activity at the border zone of the Adriatic plate and the Dinaridic-Hellenidic orogene, high compression has been induced ("Adria push", Bada et al., 1998; Bada, 1999) . A large 
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8. amount of seismic energy has been released within that area. According to the calculations of Gerner et al. (1999) , the amount of energy is several times greater than that released within the interior parts of the orogene and in the Pannonian region.
Another source of stress is genetically related to the Aegean orogenic collapse and is responsible only for the Quaternary deformations in the southernmost rim of the SPPB (south from the Scutari-Peć transverse). This is the area dominated by extension. Besides the Aegean Basin, large areas of the northern Peri-Aegean region in Greece, Bulgaria, Macedonia and Southern Serbia are also subjected to extension. In Serbia, the boundary between the two different stress fields, strike-slip and extension, is located somewhere in the distant parts of the southern Pannonian margin (Fig. 10, insert) .
Finally, the important element that influences Quaternary tectonic activity within the Pannonian Basin and its rim (thus including its Serbian part) is the rheology of the lithosphere, i.e. its behaviour and inclination to deformation under conditions of increased intraplate compressive stress (Horváth and Cloetingh, 1996) .
Geodynamic implications and seismicity
The expression of Quaternary tectonic activity in the SPPB and its southern rim, and consequently its seismicity, depended, in the first place, on the interplay of compressive stress (induced in the zone of the Adriatic plate/DinaridicHellenic orogene convergence) and the rheologic features of the lithosphere. The minor role belongs to the extensional processes initiated by the Aegean spreading.
As mentioned above, the main role is played by the compressive stress generated within the Adriatic plate/Dinarides convergence zone, by the Adria push mechanism (Gerner et al., 1999; Bada, 1999) . This is the region where, in the relatively narrow Peri-Adriatic zone within the "Outer Dinarides", a major amount of stress has been released, which is marked by strong seismic activity. Maximum compressive stress has been transferred from the source area (Adriatic plate/Dinarides convergence zone) into the inner parts of the Dinarides and towards the SPPB, in a NE-SW direction (Rebaï et al., 1992; Gerner et al., 1999) . However, judging by the fault plane solution for the earthquakes in the broader Kopaonik Mt. region in the territory of south-western Serbia, there is an eastward bending tendency of the compressive stress. This bending points to the tectonic transport of blocks within this area along a system of conjugated faults striking NE-SW (right strike-slip) and E-W (left strike-slip) toward the area exposed to strong Plio-Quaternary, and weak recent extension, south from the Scutari-Peć transverse (Metohija and Kosovo basins) (Fig. 10) .
A major amount of transferred stress, in the form of moderate but frequent seismicity on the territory of Serbia, has been released on the boundary of two different crustal (and lithospheric) entities: the Pannonian and Dinaro-Carpathic (Fig. 10) .
The Pannonian Basin region seen as a whole has a thinned crust and a relatively thin and rheologically weakened lithosphere. On the other side, in the surrounding orogenes domain, both the crust and the lithosphere are significantly thicker and also more rigid. A model worked out by Cloetingh and Burov (1996) , which includes depth-dependant brittle ductile rheology, suggests that the forming of lithospheric folds with vertical undulations up to the order of kilometre is characteristic for such conditions. Horváth and Cloetingh (1996) are of the opinion that such structural phenomena, formed in the Quaternary, exist in the Pannonian Basin region. Therefore, in such conditions in the Pannonian Basin region, recent stress has been released by the deflection of the lithosphere (Horváth and Cloetingh, 1996) and, as it was suggested by Gerner et al. (1999) , by aseismic creep manifestations.
The weakened lithosphere in the area of the SPPB could have also been subjected to deflection during the Quaternary, which is marked by the uplifting of the rim and the subsidence of the inner parts of the basin, as well as by low seismicity. However, within its rim, directly on the transition towards the rigid and thick crust and the lithosphere of the Dinarides in the southwest and the Carpathians in the east, the tectonic activity, which is marked by seismicity, becomes more intensive. In such conditions, mostly pre-existing faults were activated, and their kinematic characteristics are determined by the maximum compressive stress direction being oriented NE-SW, with a weak tendency to bend towards ENE-WSW.
The interesting thing is that the distant margin of the SPPB, i.e. the interior parts of the Dinarides (except for the Kopaonik region) and the Carpathians of Eastern Serbia, show lower seismicity than the parts near the AdriaticDinaridic margin. This is somehow understandable for the Carpathians of Eastern Serbia, considering their distance from the Adriatic/Dinaridic convergence zone as the main source of the recent compressive stress. However, such an explanation cannot be accepted for the Dinarides because they are closer to the source of the recent compressive stress than the direct southern rim of the Pannonian Basin. The explanation should be sought in the composition and interrelations of three large crustal (and lithospheric) entities: Adriatic, Dinaridic and Pannonian. The strongest Quaternary tectonic activity, marked by strong seismicity, occurs within the zones of contact between these entities. This is particularly the case in the Adriatic/Dinaridic contact zone where, by the Adria push mechanism (Gerner et al., 1999) , SWvergent reverse displacements are activated along the faults striking NW-SE (Anderson and Jackson, 1987) . The Pannonian lithosphere, due to its relatively high ductility and its position in rigid orogenic surroundings, reacts with deflection (Horváth and Cloetingh, 1996) . The Dinaridic orogen would be expected to deform by faulting, having a rigid crust and lithosphere, but it does not show any such tendency, unless mobilised by some other processes, like the extension from the Aegean domain, for example. Nevertheless, the Dinarides represent a compact whole, which is subjected only to general uplifting, under compressive conditions. The transferred recent compressive stress has been released in the region northeast from the Adriatic/Dinaridic convergence zone, in the Dinarides/Pannonian Basin and Carpatho-Balkanides/Pannonian Basin boundary zones. Due to the deflective behaviour of the Pannonian lithosphere and the rigidity of the Dinarides and Carpatho-Balkanides, their boundary zones are the most susceptible to react to a compressive stress. Predominantly strike-slip faults have been activated (Figs. 9 and 10), which is followed by corresponding moderate, but frequent seismic activity.
The extension that is genetically related to the PlioceneQuaternary Aegean spreading only slightly influences the Quaternary deformations of the SPPB, mostly along its southernmost rim. The maximum extension direction in this region is identical to that in Northern Greece and Macedonia -NNW-SSE (Papazachos and Kiratzi, 1996) . The influence of extensional processes within these regions during the Quaternary is much weaker than it was in the Pliocene. Such a conclusion is based on the fact that the inversion of the Pliocene basinal structures took place at the beginning of the Quaternary. Such activity is understandable considering the amplification of the compressive intraplate stress (originating in the Adriatic plate and Dinaridic-Hellenic orogene convergence zone) at the beginning of the Quaternary on the one hand, and the distance between these regions and the centre of maximum extension (The Aegean Sea) on the other.
The Aegean spreading and the extensional processes were accompanied by the westward and south-westward rotation of the Hellenic Arc during the Pliocene and Quaternary (Kissel and Laj, 1988; Kissel et al., 1995) . According to these authors, rotation took place over the whole western part of the Hellenic Arc and the north-western out-arc segment up to the border zone of the Dinarides (s. str.) and the Helenides (up to the "Scutari-Peć transverse"). Such activity led to the inflection of the Dinaridic-Hellenic orogen within their boundary zone (Kissel et al., 1995) , whereas on the convex side of the bend area, where high tension can be recognised, the basinal structures of Metohija and Kosovo were formed (Fig. 10 ). Rotation and westward translation of the Hellenides are very important for the Quaternary deformations of the north-western rim of Metohija and Kosovo, i.e. for the seismogenic region of southwestern Serbia, because it controls the tectonic transport of blocks within the region towards the East i.e. the area which is exposed to high tension (Marović et al., 1998a) .
In the northernmost Peri-Aegean region, the extensional processes from the Aegean domain which have been already sufficiently weakened, activate normal faulting and weak subsidence of certain parts of the Neogene basins in the southern Pannonian margin (like the Leskovac and Niš basins), which is marked by weak seismicity. Focal mechanism for the event 15 (Fig. 7) points to a normal faulting in the region where the strike-slip compressional regime is dominant. It is hard to believe that the extensional processes in the Aegean and Peri-Aegean domain could generate such movements. The explanation should be sought elsewhere. We can even presume that a relatively thinned PeriPannonian crust (and lithosphere) on the territory of Serbia, squeezed between the rheologicly rigid Dinarides in the SW and Carpatho-Balkanides in the east, has been subjected to NNW-SSE stretching, followed by the activation of normal faults striking NE-SW. However, such conclusion is highly speculative and has to be proven.
Conclusions
It is obvious that the neotectonic activity in the SPPB and its southern margin has been controlled mainly by (1) increased compression induced at the border zone of the Adriatic plate and the Dinarides (Adria push),
(2) the crust composition and the rheologic features of the lithosphere as a whole, and finally, to a lesser extent (3) extensional processes from the Aegean domain.
In the Pannonian region, maximum horizontal intra-plate stress has been released by the deflection of the rheologically weakened Pannonian lithosphere, resulting in the subsidence of the interior parts of the basin and the uplifting of its rim. Such activity generates low seismicity. In the border zone of the Pannonian lithosphere and the rigid entities of the Dinarides and the Carpathians of Eastern Serbia, the Quaternary stress has been released by shearing along faults of predominantly strike-slip kinematic type. This results in frequent but moderate-magnitude earthquakes. The Dinarides (except for the border zone towards the Adriatic plate) and the Carpatho-Balkanides, although rigid, are compact bodies which have not been subjected, during the Quaternary, to any stronger deformation, except general uplifting. That is why they show a low seismic activity. The exceptions are only those parts which belong to the Aegean extension influence zone, where normal faulting is present, resulting in weak-tomoderate seismicity.
